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REMARKS 



By this Preliminary Amendment, applicants amend originally-filed claims 1-6 



to comply with the U.S. Patent and Trademark Office practice and standards. No new 
matter has been added to the application. Amendments to the claims do not address 
any issues of patentability, and the amended claims are provided to place the 
application in better condition for allowance. 



Likewise, the amendments to the specification are provided to correct 



grammatical and syntactical errors in the originally filed application. No new matter has 
been introduced into the application. 

The amendments to the "Claims" are reflected in the attached "Version With 
Marked Changes Made." 

Favorable consideration on the merits is respectfully requested. 

Respectfully submitted, 



Dated: December 11, 2001 
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WeWE GkHi mCLAIM: 

1 . A voltage intermediate circuit converter havingcomprising a 1 2-pulse input converter which 
ha shaving two converter elements, having a voltage intermediate circuit which ha s having two 
capacitors which are connected electrically in series, and having a machine-side three-point 
pulse-controlled converter-(44), wi^ hwherein the two converter elements of th e input convert e r 
bek reare electrically conductively connected on thea DC-side to a r e sp e ctiv e capacitor in the 
voltage intermediate circuit, characteriz e d in that and wherein the converter elements of the input 
conv e rt e r have a r e spectiv e self-commutated pulse-controlled converter. 

2. The voltage intermediate circuit converter as claim e d in according to claim 1, charact e rized in 
tha twherein the self-commutated pulse-controlled converters are each three-point pulse- 



CO 

►* controlled converters. 

\* 

3 

Q 3. The voltage intermediate circuit converter as claimed in claims 1 and 2, charact e riz e d in 

fU that according to claim 1. wherein each capacitor in the voltage intermediate circuit is split such 

. & "" 

Q that , with one capacitor is being associated with the machine-side three-point pulse-controlled 

ry 

converter, and two capacitors ar ebeing associated with a pulse-controlled converter in the input 
converter. 

4. The voltage intermediate circuit converter as claimed in on e of th e abov e m e ntioned claims, 
characteriz e d in that dis according to claim 1. further comprising a number of series-connected 
active converter devices in the self-commutated pulse-controlled converters in the input converter 
is and a number of series-connected active converter devices in the machine-side three-point 
pulse-controlled converter, said number of active converter devices in the self-commutated oulse- 
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"controlled converter being equal to the number of seri e s conn e cted active converter devices in 
-the machine-side three-point pulse-controlled converter. 

5. The voltage intermediate circuit converter a s claim e d in one of claims 1 to 3, charact e riz e d in 
that according to claim 4. wherein the number of series-connected active converter devices in the 
self-commutated pulse-controlled converters in the input converter is one less than the number of 
series-connected active converter devices in the machine-side three-point pulse-controlled 
converter. 

6. The voltage intermediate circuit converter as claim e d in on e of th e abov e m e ntion e d 
claims, characterized in that according to claim 4. wherein high- voltage insulated gate bipolar 
transistors are provided as active converter devices of the self-commutated pulse-controlled 
converters in the input converter and in the machine-side three-point pulse-controlled converter. 



NY02:360911.1 



10/009811 
• - '' ' 531 Rec#JT/l": ' 11 DEC 2001 

A34860-PCT-USA (071308.0283) 

PATENT 

BAKER BOTTS L.L.P 
30 ROCKEFELLER PLAZA 
NEW YORK, NEW YORK 10112 



TO ALL WHOM IT MAY CONCERN: 

Be it known that WE, TOMAS GREIF and MATTHIAS SPITZ, citizens of 
Germany, whose post office addresses are Muehlleite 4, 91341 Roettenbach, Germany; 
and Buchleithe 53, 91086 Aurachtal, Germany; respectively, have made an invention in: 

VOLTAGE INTERMEDIATE CIRCUIT CONVERTER 
of which the following is a 

SPECIFICATION 

BACKGROUND O F TH E IN VEN T IO N 

FIELD OF THE INVENTION 
[0001] The invention relates to a voltage intermediate circuit converter as claim e d in th e 
pr e characterizing claus e of claim 1 . having a 12- pulse input converter. ^er a vol tage 
.intermedi ate jsirgjiiL conv e rt e r and a machine converter using three-point switching. 

BACKGROUND OF THE INVENTION 
[0002] A converter such as this is known from of the ty pe described above is disclosed in 
th§ German magazine "etz", Issue 20, 1998, pages 10 to 12. This knewfl-voltage 
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intermediate circuit converter has, in theitg standard version, a 12-pulse diode rectifier, 
whese wherein the diode rectifier elements are each connected to a secondary winding of a 
three-winding transformer. On the DC-side, the diode rectifier elements are each linked to 
a capacitor in a voltage intermediate circuit, which has two capacitors which are 
connected electrically in series. Such an input converter is atee-referred to as a diode front 
end (DFE). In most cases, such a diode front end satisfies the requirements for the mains 
system power factor and harmonic content. If mains feedback effects are subject to more 
stringent requirements, then a 24-pulse input converter is available. 
[0003] A voltage intermediate circuit converter which has a self-commutated pulse- 
controlled converter as the input converter is known from described in the German 
magazine "Engineering and automation", Issue 1-2, 1998, pages 8 and 9. Like the 
machine-side pulse-controlled converter, this input converter is in the form of a three- 
point pulse-controlled converter. The voltage intermediate circuit is formed by two 
capacitors which are electrically connected in series. This input converter circuit option is 
also referred to as an active front end (AFE). An active front end allows four-quadrant 
operation (driving and regenerative braking in both rotation directions). This active input 
converter not only allows a power factor of cos (p = 1 to be achieved, but also allows the 
wattless component of other loads to be compensated for in the mains system, at least as 
far as power margins are concerned. If the active front end is equipped with an input 
filter, virtually harmonic-free operation from the mains system is also possible. 
[0004] A diode front end has the disadvantage that four-quadrant operation is not possible 
without further complexity. The additional complexity is that a break chopper is required 
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for generator operation, by means of which the generated energy is converted into heat in 
a breaking resistance. The use of 12-pulse and 24-pulse diode front ends means that 5th, 
7th, 11th and 13th harmonics, and 5th, 7th, 13th, 23rd and 25th harmonics, respectively, 
are suppressed. In the 24-pulse embodiment of the diode front end, the complexity on the 
input side is twice that of the 12-pulse embodiment of the diode front end, which means 
that it is not just the space requirement that increases. 

[0005] An active front end has the disadvantage that the 5th, 7th, 1 1th and 13th, etc. 
harmonics occur, depending on the number of pulses, whos ethe amplitudes r of which can 
at least be minimized by means of an optimized pulse pattern. Furthermore, the active 
front end is more complex than a diode front end owing to the number and configuration 
of the components. Since, in design terms, the active front end corresponds to the 
machine-side self-commutated pulse-controlled converter, a voltage intermediate circuit 
converter with an active front end occupies a larger amount of space than a voltage 
intermediate circuit converter with a 12-pulse diode front end. 

SUMMARY OF THE INVENTION 
[0006] The present invention is^ew based on the object of specifying a voltage 
intermediate circuit converter whese having an input converter4s designed suehjjg that the 
harmonics which occur on the mains system side are kept as low as possible, and with 
tMe minimal complexity. 

[0007] This obj e ct is achiev e d according to th e inv e ntion by the charact e rizing 

f e atur e s of claim 1 . 
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[0007] {0008^-Since the converter elements of the 12-pulse input converter are 

each self-commutated pulse-controlled converters, the advantages of a diode front end are 
combined with those of an active front end. This means that the harmonic currents of the 
5th, 7th, 17th and 19th harmonics are suppressed on the mains system side of the voltage 
intermediate circuit converter without the optimized pulse patterns of the self-commutated 
pulse-controlled converters being optimized to these said-harmonics. Since the two 
converter elements are in the same operating state, their pulse patterns are the same. This 
optimized pulse pattern can now be optimized such that the amplitudes of the harmonic 
currents of the 11th, 13 th, 25 th, etc. harmonics are minimized. 

[0008] [0009] A further advantage of this input converter according to the present 

invention for a voltage intermediate circuit converter is evident at very high voltages. The 
converters for standard medium voltages have two or more active converter devices 
connected in series for a voltage value above 3.3 kV. Since the input converter according 
to the invention has two identical self-commutated pulse-controlled converters, which are 
connected electrically in series, the number of converter elements connected in series is 
equal to or one less than the number of machine converters connected in series. With the 
standard medium voltage of 4.16 kV, the input converter of a voltage intermediate circuit 
converter according to the invention has precisely the same number of active converter 
devices as an input converter in the active front end configuration. Low blocking- 
capability semiconductor switches, which can be operated at a higher switching frequency 
or can be used at higher current levels, can be used as the active conductor devices, with 
precisely the same number connected in series. The design of the phase modules is 
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s imple r both simple and more space-saving, with the number of items connected in series 
being reduced by one. 

[0010] Advantageous embodiments of the input converter can be found in th e 

d e p e nd e nt claims 2 to 6. 

BRIEF DESCRIPTION OF THE DRAWING 
[00091 f 001 11 In ord e r to e xplain th e The present invention is described in 

mefegmstsr detai l reference s hould be made to in connection with the drawing. drawings 
which shows on e schematicallv show an embodiment of the input converte r according to 
the invention, schematically , and in which: 

Figure 1 shews illustrates a block diagram of a standard version of a voltage 
intermediate converter of this generic typ e; 

Figure 2 shew sillustrates a block diagram of an input converter according 
to the invention for a voltage intermediate circuit converter as shown in Figure 1; and 

Figures 3-5 each she willustrate one phase module of a machine converter 
of a voltage intermediate circuit converter with 1, 2 and 3 items connected in series. 

DETAILED DESCRIPTION OF THE INVENTION 
fOOlOl 1004^1- Figure 1 shows a block diagram of a standard version of a voltage 

intermediate circuit converter of thisg generic type with a 12-pulse input converter 2. The 
two converter elements 4 and 6 of this input converter 2 are each 6-pulse diode rectifiers. 
Each converter element 4 or 6 is linked on the DC-side to a respective capacitor 8 or 10 in 
a voltage intermediate circuit 12. Since these two capacitors 8 and 10 are connected 
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electrically in series, this voltage intermediate circuit 12 has three potentials C, M and D. 
Furthermore, this voltage intermediate circuit converter has a machine converter 1 4 , to 
whos e!4 with the AC-side outputs R, S, T being connected to a three-phase machine 4-€4s 
conn e ct e d. 16. On the DC-side, thisthe machine converter 14 is electrically conductively 
connected to the three potentials C, M and D of the voltage intermediate circuit 12. High- 
voltage insulated gate bipolar transistors (HV-IGBTs) are provided as active converter 
devices for the machine converter 14. The machine converter 14 uses three-point 
switching. The converter elements 4 and 6 of the input converter 2 are electrically 
conductively connected on the AC-side to a respective secondary winding 18 or 20 of a 
three-winding transformer 22. On the primary side, this three-winding transformer 22 is 
linked to a three-phase mains system 24. 

f 001 11 {OW^fFigure 2 shows a block diagram of an advantag e ous embodiment? 

according to of the input converter 2 of the present invention , of an input conv e rter 2. , 
This input converter 2 has respective self-commutated pulse-controlled converters 4\ and 
6\ as the converter elements 4 and 6, respectively. These two pulse-controlled converters 
4i and 6\ use three-point switching in the same way as the machine-side three-point pulse- 
controlled converter 14, with HV-IGBTs likewise being used as the active converter 
devices. On the AC-side, the connections Ul, VI, Wl of the self-commutated pulse- 
controlled converter 4\ are linked to the secondary winding 18 of the three- winding 
transformer 22. On the AC-side, the connections U2, V2, W2 of the self-commutated 
pulse-controlled converter 6\ are connected to the secondary winding 20 of the three- 
winding transformer 22. 
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f00121 [001 4 ] Thi s illustration in Figure 2 also shows the voltage intermediate 

circuit 12 in more detail. The two capacitors 8 and 10 of this voltage intermediate circuit 
12 are each subdivided into three capacitor elements 8i, 82, 83 and 10i, 102, IO3. In this 
case, the two capacitor elements 8 2 , 83 and 10 2 , 10 3 are connected electrically in series, 
and this series circuit is then connected electrically in parallel with the respective 
capacitors 81 and 10\. The junction point between the two series-connected capacitors 8 2 , 
83 and 10 2 , IO3 form a medium-voltage potential Ml or M2, respectively, for the 
respective three-point pulse-controlled converters 4\ and 61. These two series circuits of 
capacitor elements 8 2 , 83 and IO2, IO3 are also connected electrically in series. The 
junction point between these two series circuits is connected to the central voltage M of 
the voltage intermediate circuit 12. Since the capacitors 8 and 10 in the voltage 
intermediate circuit 12 are each subdivided into a number of capacitor elements 81, 82, 83 
and 10i, 10 2 , 10 3 , the capacitor elements 81 and 10] can be physically associated with the 
machine converter 14, and the capacitor elements 8 2 , 83 and 10 2 , 10 3 can be physically 
associated with the self-commutated pulse-controlled converter 4\> 6\ in the input 
converter 2. 

[0013] {0015j-Figure 3 shows a phase module of the machine converter 14, which 

has four active converter devices Tl, T2, T3 and T4 using three-point switching. Each 
active converter device Tl to T4 has only one semiconductor switch, in particular an HV- 
IGBT. The number of series connected items in this embodiment is therefore one. This 
phase module can accommodate a maximum DC voltage U Z k of 3.8 kV between its DC 
potentials C and D. This DC voltage U Z k is produced by the input converter 2. Since the 
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two converter elements 4\ and 61 are identical and are connected electrically in series on 
the DC-side, each converter element 4\ and 61 produces half the intermediate circuit 
voltage Uzk, amounting to 1.9 kV. However, since the phase module has twice the 
withstand voltage, low blocking-capability semiconductor switches can be used, in 
comparison to the phase module of the machine-side three-point pulse-controlled 
converter 14. These low blocking-capability HV-IGBTs can be operated at a higher 
switching frequency, or at a higher current level. 

f0014] {OW^j-Figure 4 shows a phase module, whose active converter devices Tl 

and T4 each have two semiconductor switches, in particular HV-IGBTs. In this case, the 
number of items connected in series is £ rtwo (2). A maximum DC voltage U Z k of 6.8 kV 
can occur between the DC potentials C and D. In a voltage intermediate circuit converter 
as shown in Figure 1, §ndJiaving an input converter 2 according to the invention, the 
phase modules of the machine-side three-point pulse-controlled converter 14 are designed 
as shown in Figure 4, and the phase modules of the converter elements 4\ and 61 in the 
input converter 2 are designed as shown in Figure 3. 

fOOlSl {OOtTj-Figure 5 shows a phase module whes ein which the active converter 

devices Tl to T4 each have three semiconductor switches, in particular HV-IGBTs. The 
number of these active converter devices connected in series is three. Within this phase 
module, with three items connected in series, it is possible for a maximum DC voltage 
Uzk of 10 kW to be dropped between or across the potentials C and D. In a voltage 
intermediate circuit converter for a standard medium voltage of 6 kV, the phase modules 
of the machine converter 14 are designed as shown in Figure 5, and the phase modules of 
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the converter elements 4] and 61 in the input converter 2 are designed as shown in Figure 
4. 

[0016] {0©1&|-The number of items connected in series in the converter elements 

4i and 61 in comparison to the number of items connected in series in the machine 
converter 14 is thus one less beyond a standard medium voltage of 3.3 kV. The phase 
modules of the converter elements 4j and 61 are therefore less complex than the phase 
modules in the machine converter 14. In a voltage intermediate circuit converter for the 
medium voltage of 4.16 kV, the number of semiconductor switches in the two converter 
elements 4\ and 61 in the input converter 2 is equal to the number of semiconductor 
switches in the input converter 2 in the active front end embodiment. This means that, 5th, 
7th, 17th and 19th harmonics are eliminated just by the circuitry, and without having to 
increase the number of semiconductor switches. 
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WeWE Gteffl^ CLAIM: 

1 . A voltage intermediate circuit converter havrn gcomprising a 12-pulse input 
converter which has having two converter elements, having a voltage intermediate circuit 
which has having two capacitors which ar e connected electrically in series, and having a 
machine-side three-point pulse-controlled converter-(44), wkh wherein the two converter 
elements of th e input conv e rt e r b e in g are electrically conductively connected on theg DC- 
side to a respectiv e c apacitor in the voltage intermediate circuit, charact e rized in that and 
wherein the converter elements of th e input converter have a r es pective self-commutated 
pulse-controlled converter. 

2. The voltage intermediate circuit converter as claimed in according to claim 
1, characteriz e d in that wherein the self-commutated pulse-controlled converters are each 
three-point pulse-controlled converters. 

3. The voltage intermediate circuit converter as claimed in claims 1 and 2, 
characteriz e d in that according to claim 1, wherein each capacitor in the voltage 
intermediate circuit is split such that , with one capacitor is being associated with the 
machine-side three-point pulse-controlled converter, and two capacitors are being 
associated with a pulse-controlled converter in the input converter. 

4. The voltage intermediate circuit converter as cl aimed in on e of the above 
m e ntioned claim s , chara cte riz e d in that th e according to claim 1, further comprising a 
number of series-connected active converter devices in the self-commutated pulse- 
controlled converters in the input converter is and a number of series-connected active 
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converter devices in the machine-side three-point pulse-controlled converter, said number 
of active converter devices in the self-commutated pulse-controlled converter being equal 
to the number of s e ries conn e cted active converter devices in the machine-side three-point 
pulse-controlled converter. 

5. The voltage intermediate circuit converter as claim e d in one of claims 1 to 
3, characterized in that according to claim 4. wherein the number of series-connected 
active converter devices in the self-commutated pulse-controlled converters in the input 
converter is one less than the number of series-connected active converter devices in the 
machine-side three-point pulse-controlled converter. 

6. The voltage intermediate circuit converter as claimed in one of th e abov e- 
mentioned claims, characteriz e d in tha t according to claim 4. wherein high- voltage 
insulated gate bipolar transistors are provided as active converter devices of the self- 
commutated pulse-controlled converters in the input converter and in the machine-side 
three-point pulse-controlled converter. 
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